Over the past few decades, overweight and obesity have become a growing health problem of particular concern for women of reproductive age as obesity in pregnancy has been associated with increased risk of obstetric and neonatal complications. The objective of this study is to describe the incidence of obstetric and perinatal complications in relation to maternal body mass index (BMI) at the time prior to delivery within the Spanish Health System. For this purpose, a cross-sectional observational study was conducted aimed at women who have been mothers between 2013 and 2018 in Spain. Data were collected through an online survey of 42 items that was distributed through lactation associations and postpartum support groups. A total of 5871 women answered the survey, with a mean age of 33.9 years (SD = 4.26 years). In the data analysis, crude odds ratios (OR) and adjusted odds ratios (AOR) were calculated through a multivariate analysis. A linear relationship was observed between the highest BMI figures and the highest risk of cephalopelvic disproportion (AOR of 1.79 for obesity type III (95% CI: 1.06-3.02)), preeclampsia (AOR of 6.86 for obesity type III (3.01-15.40)), labor induction (AOR of 1.78 for obesity type III (95% CI: 1.16-2.74)), emergency C-section (AOR of 2.92 for obesity type III (95% CI: 1.68-5.08)), morbidity composite in childbirth (AOR of 3.64 for obesity type III (95% CI: 2.13-6.24)), and macrosomia (AOR of 6.06 for obesity type III (95% CI: 3.17-11.60)), as compared with women with normoweight. Women with a higher BMI are more likely to develop complications during childbirth and macrosomia.
Introduction
Over the past few decades, overweight and obesity have become a growing health problem in the Western world [1] , so much so that WHO now considers it one of the most relevant health problems [2] . The distribution of this problem is not homogeneous among the population, being women's rates higher than men's [3] , and this makes obesity a problem that greatly affects women of reproductive age.
Maternal obesity has emerged globally as one of the main obstetric challenges [4, 5] , whose prevalence increases linearly not only in developed countries, but also in developing countries [6] . At European level, more than 30% of pregnant women are obese, and the prevalence of overweight women reaches 50% (2) .
Many experimental and epidemiological studies show that nutritional changes in the prenatal and postnatal stages of life can have a significant impact on the child's health and development [2, 3, [7] [8] [9] . Maternal overweight, obesity, and morbid obesity are already known to be associated with adverse obstetric and neonatal outcomes [3, 10] . In particular, maternal obesity is associated with gestational diabetes mellitus (GDM) [11, 12] , preeclampsia [12] , congenital malformations and macrosomia [3] , preterm birth [3] , low Apgar scores [4] , admittance to neonatal intensive care unit [13] , low-weight newborns [3, 14] , and with an increase in obstetric interventions such as pregnancy caesarean section [12, 15] and labor induction [16, 17] . In the long term, maternal obesity is associated with an increased risk of diabetes mellitus and cardiovascular diseases in women, and with an increased risk of childhood obesity in the newborn [2, 4] . Postnatally, obese women are less likely to successfully breastfeed [18, 19] , tend to have longer hospital stays, and are at an increased risk of postnatal infections [16] .
In Spain, data indicate that the average population weight has increased since records exist and, if this trend continues [20] , obesity rates will have increased by 16% by 2030 [21] . Despite this, we do not currently have studies that relate these data to obstetric and perinatal results. Moreover, the evaluated results have been studied based on pregestational obesity, with weight gain being highly variable among pregnant women. For these reasons, we consider that it would be relevant to describe the incidence of obstetric and perinatal complications in relation to maternal body mass index (BMI) at the time prior to delivery within the Spanish Health System.
Material and Methods

Design and Selection of Study Subjects
This cross-sectional observational study was aimed at women who have been mothers between 2013 and 2018 in Spain. This study has received the approval of the Ethics and Clinical Research Committee of Alcázar de San Juan, in Spain, with protocol number 92-C.
The participants were women over the age of 18, who understood Spanish, and who agreed to fill in the questionnaire. Before doing so, the participants had to read an information sheet about the purpose of the study and give their consent to participate in it. After this, they were provided with the necessary information to be able to complete the questionnaire. Participants could voluntarily provide an e-mail address or phone number through which they would be contacted in case any additional information related to the study was needed.
For the sample size estimation, the maximum modelling criterion, that requires 10 events for each independent variable to be included in the multivariate model, has been used [22] . The main event used for this calculation was the emergency C-section rate, located in other studies at around 27% [23] . Considering a minimum of 15 independent variables, a minimum of 150 women with emergency C-section would be required, representing a minimum total population of 555 women under study within this scenario.
For data collection, an anonymous online questionnaire was designed with 42 items (36 yes/no questions and 6 multiple answer questions) on sociodemographic variables, obstetric variables, and complications during pregnancy, delivery, and postpartum (Supplementary material). The questionnaire was disseminated among the Spanish lactation and postpartum support associations and groups. Those responsible for these groups were in charge of disseminating the said questionnaire among their members.
The variables included in the study were as follows:
The main independent variable: body mass index (calculated by dividing kilograms of weight by the squared height in meters), categorized into normoweight (18.5-24.9), overweight (25-29.9), obesity grade I (30.0-34.5), obesity grade II (35.0-39.9), and obesity grade III (>40.0) [4, 5] .
The independent adjustment variables were maternal age, income level, level of education, tobacco consumption, assistance to maternal education, number of births, twin pregnancy, preeclampsia during pregnancy, diet-controlled gestational diabetes, insulin-controlled gestational diabetes, hyperthyroidism, hypothyroidism, anemia, intrahepatic cholestasis, risk of preterm birth, deep vein thrombosis, oligoamines, polyhydramnios, altered fetal heart rate (FHR) during delivery, stained amniotic fluid (AF), vaginal bleeding, uterine rupture, nonprogression of delivery, cephalopelvic disproportion, intrapartum fever, intrapartum preeclampsia, labor induction, end of delivery, tearing, low weight (2500 g), macrosomia (>4000 g), newborn admission, postpartum-related subsequent maternal surgery, maternal admission into intensive care unit, and maternal readmission.
In addition, four "composite" morbidity variables were created: pregnancy (including preeclampsia during pregnancy, diet-controlled gestational diabetes, insulin-controlled gestational diabetes, hyperthyroidism, hypothyroidism, anemia, intrahepatic cholestasis, risk of preterm birth, deep vein thrombosis); delivery (including altered fetal heart rate (FHR) during delivery, stained amniotic fluid (AF), vaginal bleeding, nonprogression of delivery, cephalopelvic disproportion, intrapartum fever, intrapartum preeclampsia, labor induction, end of delivery by caesarean, and severe tearing (type III-IV)); neonatal (including prematurity, low weight (<2500 g), macrosomia (>4000 g), and maternal admission to intensive care unit); and postpartum (including maternal postpartum surgery related to the delivery, maternal admission to intensive care unit, and maternal readmission).
Statistical Analysis Used
First, a descriptive analysis was performed using absolute and relative frequencies for categorical variables. Then, a bivariate analysis was performed between the main sociodemographic, clinical characteristics, and complications regarding the BMI during pregnancy, childbirth, and postpartum, using the Pearson's chi-squared test. Then, the crude odds ratios (OR) and adjusted odds ratios (AOR) were calculated with their respective 95% confidence intervals (95% CI) to determine the relationship between the BMI and the obstetric and neonatal complications. To do this, a multivariate analysis was performed by means of binary logistic regression and multinomial logistic regression (for the birth-type variable). Regarding collinearity treatment, the authors opted for an automatic forward and backward stepwise regression. Therefore, although the whole set of variables was included in each analysis, those predictors which did not show a statistical relationship were progressively eliminated, thus reducing the risk of collinearity.
All analyses were performed using the SPSS v24.0 statistical package.
Results
The studied population was 5871 women. Of these, 27.30% (n = 1607) had normoweight, 46.40% (n = 2722) were overweight, 19.60 (n = 1153) had obesity type I, 5.00% (n = 293) obesity type II, and 0.13% (n = 96) obesity type III.
A bivariate analysis was then performed to determine the sociodemographic, obstetric, neonatal, and admittance characteristics in relation to the BMI at the time of delivery.
Regarding the relationship between the BMI and the most important sociodemographic characteristics, we found a statistical association with maternal age, academic level, family income level, smoking habit, and attendance to childbirth and maternity classes. However, we did not find any statistically significant differences with respect to nationality. All the details of this analysis can be found in Table 1 .
When analyzing obstetric factors in relation to BMI, a relationship was found between BMI and the number of births, twin pregnancy, prematurity, hypertensive pregnancy disorders, gestational diabetes, both insulin-controlled and diet-controlled, risk of preterm birth, deep vein thrombosis, oligoamines, and polyhydramnios ( Table 2) . In the next step, a multivariate analysis was carried out in which all the variables that could potentially be related to BMI were incorporated. Regarding the variables related to complications during childbirth, we observed a linear trend in five of them (Table 3) among women with different degrees of obesity as compared with women with normoweight: cephalopelvic disproportion, preeclampsia, induced delivery, emergency C-section and Composite morbidity delivery. .63 (1.26-2.11)  2.04 (1.52-2.75 Finally, in the composite morbidity birth variable, an AOR of 1.47 (95% CI: 1.29-1.68) was obtained for overweight women, an AOR of 2.00 (95% CI: 1.69-2.37) in the case of obesity type I, AOR 3.51 (95% CI: 2.55-4.83) for women with obesity type II, and an AOR of 3.64 (95% IQ: 2.13-6.24) in the case of obesity type III.
The same process was followed with those variables related to maternal and fetal complications during the postpartum, finding a linear relationship with the presence of macrosomia. All the details of this analysis can be found in Table 4 . 26 (1.00-1.58)  2.06 (1.50-2.84 33 (1.03-1.72)  2.55 (1.78-3.65 
Discussion
In this study, we have analyzed the relationship between BMI and the incidence of obstetric and perinatal complications. While multiple associations have been identified, we consider those where a clear linear trend has been observed as more relevant. Specifically, an association was found between higher figures of BMI and pelvic-cephalic disproportion, preeclampsia, induced delivery, and emergency C-section. As for the newborn, we have described a relationship between maternal BMI and higher rates of macrosomia.
In several studies, obesity or maternal overweight have been linked to complications during pregnancy, such as hypertensive disorders or macrosomia [24] , that may increase the risk of C-section [1, 25] . Regarding the data from our study, the increase in emergency C-section rates may be related not only to the factors previously indicated, but also to the increase in altered fetal heart rate frequency and the higher rate of cephalopelvic disproportion in this population. However, some studies point to abnormalities in uterine contractility and an increase in fat deposits in the soft areas of the pelvis [26] . This increase in C-section rates has already been described in other studies [1, 10, 24, 25, 27] and may also influence the risk of neonatal complications and the possibilities of newborn admission.
In this sense, the adjustment of maternal BMI would reduce induction rates, the risk of an emergency caesarean, and neonatal admissions. Thus, this improvement would not only imply health-related aspects, but also an important reduction of healthcare expenses.
The higher incidence of newborns with macrosomia in this group of mothers has been explained by the hypothesis proposed by Pedersen [28] , who suggested that increased glucose concentrations in the diabetic mother leads to hyperglycemia and fetal hyperinsulinemia that causes higher fetal growth [26] . In short, after birth, these newborns are more likely to suffer from hypoglycemia [29] and hospital admissions [30] .
On the other hand, macrosomia is an independent risk factor of child obesity [31, 32] . This fact is especially relevant as macrosomia is seen as an intermediate factor in the relationship between maternal obesity and child obesity. This way, all the efforts aimed at adjusting maternal BMI would imply a positive improvement regarding both maternal and child health.
For all this, Spain, where obesity rates have progressively increased until reaching about 18.4% [33] of the population, may greatly benefit from implementing prevention programs and encouraging women access to preconception consultations so as to reach the optimum BMI prior to gestation.
Strengths and Limitations
As for the study limitations, an information bias is acknowledged as data was collected using self-reported questionnaires which surveyed the participants' perception. In order to reduce the confounding factors, the design of the questionnaire did not require a high level of education to be completed. In this regard, the questions were asked in a basic and simple way, and any participant could understand them, regardless of their level of education. It is not possible to completely rule out the confusion bias inherent in observational studies, but it has been attempted to be controlled by using multivariate analysis techniques.
Among the main strengths of the study, we can highlight the large sample size and the scarcity of studies carried out in women assisted by the Spanish Health System. On the other hand, the prevalence figures for obesity are in line with other studies, such as the one by Parveen et al. [4] , in which a prevalence of obesity of 23.2% was found. The relationship between excessive maternal weight and adverse obstetric and neonatal outcomes has already been researched. Most of the previous studies took pregestational BMI into account and gestational weight gain above established standards during pregnancy [34] . Instead, we have used weight at birth as a criterion, thus encompassing previous weight and total gestational weight gain. However, although BMI measurement prior to delivery provides a broader view of weight gain during pregnancy, it also introduces a bias since weight gain may be multicausal and an amalgamation of pre-pregnancy weight, gestational weight gain, and the fetus' weight.
For all the previously described aspects and, especially, due to the cross-sectional nature of the study, casual inference is limited in this case. However, there are shared outcomes with those from other authors' research which highlight the negative impact of maternal obesity on obstetric and perinatal results.
Conclusions
Therefore, we consider that excessive BMI at the time of delivery implies an independent risk of increased maternal and fetal morbidity. It is for this reason that the professionals responsible for the surveillance of mothers must have an impact on proper weight gain during pregnancy and, especially, in the pregestational stage. Health education covering healthy lifestyles is a key element for women to have a low-risk pregnancy and delivery. 
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